SPECIFICATION 

Title of the Invention 

[0001] Scanning Optical System 

Background of the Invention 

[0002] The present invention relates to a scanning optical 

system which converges a plurality of beams (emitted from a 
plurality of light emitting points) by a line image formation 
lens to focus in an auxiliary scanning direction in the vicinity 
of a reflecting surface of a deflecting system, dynamically 
deflects the beams by the deflecting system in a main scanning 
direction, and converges the dynamically deflected beams by an 
imaging optical system into point -like beam spots on a scan target 
surface . 

[0003] Scanning optical systems are widely used for 

electrophotographic laser beam printers , digital photocopiers , 
laser fax machines , laser plotters , etc. for scanning the surf ace 
of a photosensitive body (photosensitive drum, etc. ) as the scan 
target surface by a modulated beam. 

[0004] One of conventional scanning optical systems is 

configured as follows. That is, the scanning optical system 
converges a laser beam ( which has been ON-OFF modulated according 
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to image information) by a line image formation lens to focus 
in the auxiliary scanning direction in the vicinity of a 
reflecting surface of the deflecting system, dynamically 
deflects the laser beam by the deflecting system in the main 
scanning direction, and converges the dynamically deflected 
laser beam by the imaging optical system into a spot beam on 
the scan target surface. By the above mentioned mechanism, the 
scanning optical system scans the ON-OFF modulated spot beam 
on the scan target surface in the main scanning direction at 
a constant speed, and thereby forms a two-dimensional image 
composed of a plurality of dots on the scan target surface. 
[ 0005 ] Meanwhile , when a light source that emits a plurality 

of laser beams from a plurality of light emitting points (e.g. 
laser diodes) is used, a plurality of line images arranged in 
the auxiliary scanning direction can be formed in the vicinity 
of the reflecting surface of the deflecting system by use of 
the line image formation lens. Therefore, through the 
deflecting system and the imaging optical system, a plurality 
of spot beams arranged in the auxiliary scanning direction are 
formed on the scan target surface. By such a scanning optical 
system (the so-called "multibeam optical system" ) , a plurality 
of scan lines can be simultaneously drawn on the scan target 
surface in one scan by one reflecting surface of the deflecting 
system. Therefore, with the ON-OFF modulation of each beam 
according to the image inf ormation, high speed printing can be 
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realized. 

[0006] In addition to the above multibeam optical system, 

printers capable of switching the recording density (in order 
to change the printing speed) depending on the purpose are well 
known. This type of printer switches the recording density in 
the main scanning direction by changing the modulating cycle, 
while switching the recording density in the auxiliary scanning 
direction by changing the rotational speed of the photosensitive 
drum . 

[0007] However, in the aforementioned multibeam optical 

system employing a light source having a plurality of light 
emitting points , the interval between the simultaneously scanned 
scan lines (hereinafter, referred to as "scan line interval") 
is fixed. With the fixed scan line interval, when the recording 
density in the auxiliary scanning direction is switched by 
changing the rotational speed of the photosensitive drum as above , 
amismatch occurs between the interval between the simultaneously 
scanned scan lines (fixed scan line interval) and the interval 
between successively scanned scan lines. 

[0008] To avoid the problem, there has been proposed a 

method capable of altering the recording density by changing 
the rotational speed of the photosensitive drum while maintaining 
an even interval between the scan lines formed on the scan target 
surface by the multibeam scanning optical system (Japanese Patent 
Provisional Publication No . SH057-54914 , for example). The 
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scanning optical system disclosed in this publication employs 
an af ocal anamorphic zoom lens system as the line image formation 
lens and synchronously moves a plurality of lenses of the af ocal 
anamorphic zoom lens system in the optical axis direction . With 
this structure, the magnification of the whole line image 
formation lens can be changed while maintaining " focus positions " 
of the beams (where the beams after passing through the line 
image formation lens focus in the auxiliary scanning direction 
in the vicinity of the reflecting surface of the deflecting 
system) at fixed positions, by which the scan line interval can 
be adjusted continuously according to the rotational speed of 
the photosensitive drum. 

[0009] However, when an anamorphic movable lens 

( cylindrical lens , etc . ) is installed in the line image formation 
lens, a relative tilt of a lens surface caused by the movement 
of the anamorphic movable lens introduces a twist in the shape 
of the wavefront. In order to continuously change the 
magnification of the line image formation lens while suppressing 
the error caused by the relative tilt, a movement control 
mechanism composed of high precision parts becomes necessary 
and it drives up the costs. 

Summary of the Invention 



[0010] 



The present invention is advantageous in that it 



provides a scanning optical system capable of resolving the above 
problems and realizing the switching of the scan line interval 
in the auxiliary scanning direction in the multibeam optical 
system extremely easily, without the need of a movement control 
mechanism composed of high precision parts. 

[0011] According to an aspect of the invention, there is 

provided a scanning optical system for dynamically deflecting 
a plurality of beams simultaneously and thereby scanning the 
beams in a main scanning direction on a scan target surface. 
The scanning optical system is provided with a light source having 
a plurality of light emitting points which emit the plurality 
of beams and a collimator lens which collimates the plurality 
of beams, the plurality of beams being emitted from the light 
source as a plurality of collimated beams collimated by the 
collimator lens, a first optical system including a first fixed 
lens group placed on a light source side of the first optical 
system and a movable lens group having negative finite transverse 
magnification with respect to images formed by the first fixed 
lens group, the first optical system converging each of the 
plurality of beams emitted from the light source in an auxiliary 
scanning direction perpendicular to the main scanning direction . 
[0012] The scanning optical system is further provided with 

a moving mechanism which holds the movable lens group to be movable 
along an optical axis of the collimator lens and selectively 
stops the movable lens group at a first position and a second 
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position only, the first and second positions being determined 
so that transverse magnification Mpi of the movable lens group 
with respect to the images formed by the first fixed lens group 
when the movable lens group is placed at the first position and 
transverse magnification Mp 2 of the movable lens group with 
respect to the images formed by the first fixed lens group when 
the movable lens group is placed at the second position will 

satisfy Mpi x Mp 2 = 1 • • • ( 1) - The scanning optical system further 
provided with a deflecting system that dynamically deflects the 
plurality of beams simultaneously in the main scanning direction 
at a position in the vicinity of a line image formation position 
where a plurality of line images are formed by the convergence 
of the beams in the auxiliary scanning direction by the first 
optical system, and a second optical system which converges the 
dynamically deflected beams in the main scanning direction and 
in the auxiliary scanning direction to focus in the vicinity 
of the scan target surface and thereby forms a plurality of scan 
lines on the scan target surface. 

[0013] With this configuration, the moving mechanism 

selectively stops the movable lens group only at the first and 
second positions which satisfy the condition (1) , by which the 
distance between the object point and image point of the movable 
lens group when the movable lens is placed at the first position 
becomes equal to that when the movable lens is placed at the 
second position regardless of actual figures of the transverse 
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magnifications Mpi and Mp 2 at the two positions. Consequently, 
the line images are formed at fixed positions even though the 
focal length (and thereby the magnification) of the whole first 
optical system can be changed between two values. Therefore, 
the switching of the scan line interval in the auxiliary scanning 
direction can be realized extremely easily by use of a simple 
moving mechanism that enables the movement between the two 
positions, without the need of a movement control mechanism 
composed of high precision parts. 

[0014] Optionally, an interval PI between the scan lines 

when the movable lens group is placed at the first position and 
an interval P2 between the scan lines when the movable lens group 
is placed at the second position may satisfy: 
Mpi = - (Pl/P2) 1/2 = 1/Mp 2 • • • (2). 
[0015] Still optionally, the first optical system may 

consist of a first fixed lens group having negative refractive 
power in the auxiliary scanning direction and thereby forming 
the images as virtual images and a movable lens group having 
positive refractive power in the auxiliary scanning direction. 
Incidentally, in this case, in order to satisfy the condition 
"negative finite transverse magnification" of the movable lens 
group, the moving mechanism is required to move the movable lens 
group so that the front focal point of the movable lens group 
(either at the first position or at the second position) will 
be nearer to the deflecting system than the virtual images formed 
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by the first fixed lens group. 

[0016] In a particular case, the transverse magnification 

Mpi of the movable lens group in the auxiliary scanning direction 
when the movable lens group is placed at the first position may 
be approximately -1.41, and the transverse magnification Mp 2 
of the movable lens group in the auxiliary scanning direction 
when the movable lens group is placed at the second position 
may be approximately -0.71. 

[0017] Optionally, the first optical system may include 

the first fixed lens group having positive refractive power in 
the auxiliary scanning direction and thereby forming the images 
as real images, a movable lens group having negative refractive 
power in the auxiliary scanning direction and thereby forming 
virtual images of the real images, and a second fixed lens group 
having positive refractive power in the auxiliary scanning 
direction and thereby forming real images of the virtual images . 
In this case, in order to satisfy the condition "negative finite 
transverse magnification" of the movable lens group, the moving 
mechanism is required to move the movable lens group so that 
the rear focal point of the movable lens group (either at the 
first position or at the second position) will be nearer to the 
light source than the focal point of the first fixed lens group. 
[0018] Still optionally, the transverse magnification Mpi 

of the movable lens group in the auxiliary scanning direction 
when the movable lens group is placed at the first position may 
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be approximately -1.22, and the transverse magnification Mp 2 
of the movable lens group in the auxiliary scanning direction 
when the movable lens group is placed at the second position 
may be approximately -0.82. 

[ 0019 ] In a particular case , the moving mechanism includes 

a first fixed mount on which the first fixed lens group is mounted, 
a second fixed mount placed at a preset distance from the first 
fixed mount , a movable mount placed between the first and second 
fixed mounts on which the movable lens group is mounted, a guide 
held by the first and second fixed mounts and inserted into a 
through hole of the movable mount, a screw rotatably held by 
the first and second fixed mounts and inserted into a through 
hole of the movable mount having an engaging mechanism for 
smoothly engaging with the screw, and a rotating mechanism for 
rotating the screw. In this structure, the movable lens group 
is stopped at the first position when the movable mount makes 
contact with the first fixed mount , and the movable lens group 
is stopped at the second position when the movable mount makes 
contact with the second fixed mount. 

[ 0020 ] Of course , the first optical system may also consist 

of a first fixed lens group having positive refractive power 
in the auxiliary scanning direction and thereby forming the 
images as real images and a movable lens group having positive 
refractive power in the auxiliary scanning direction. In this 
case, the moving mechanism moves the movable lens group so that 



the front focal point of the movable lens group (either at the 
first position or at the second position) will be nearer to the 
deflecting system than the real images formed by the first fixed 
lens group. 

Brief Description of the Accompanying Drawings 

[0021] The objects and features of the present invention 

will become more apparent from the consideration of the following 
detailed description taken in conjunction with the accompanying 
drawings, in which: 

[0022] Fig. 1 is an optical block diagram showing the 

optical composition (in a main scanning plane) of a scanning 
optical system in accordance with a first embodiment of the 
present invention in a first state; 

[0023] Fig. 2 is a schematic optical block diagram showing 

the optical composition of a first optical system of the scanning 
optical system of the first embodiment in an auxiliary scanning 
direction; 

[0024] Fig. 3 is an optical block diagram showing the 

optical composition (in the main scanning plane) of the scanning 
optical system of the first embodiment in a second state; 
[0025] Figs. 4A and 4B are explanatory drawings showing 

a first state and a second state of the first optical system 
respectively ; 
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[0026] Fig. 5 is a perspective view showing an example of 

the composition of a holder; 

[0027] Figs. 6A and 6B are graphs showing aberrations of 

a second optical system of the scanning optical system of the 
first embodiment; 

[0028] Fig. 7 is an optical block diagram showing the 

optical composition (in the main scanning plane) of a scanning 
optical system in accordance with a second embodiment of the 
present invention in the first state; 

[0029] Fig. 8 is an optical block diagram showing the 

optical composition (in the main scanning plane) of the scanning 
optical system of the second embodiment in the second state; 
[0030] Figs. 9A and 9B are explanatory drawings showing 

the first and second states of the first optical system of the 
scanning optical system of the second embodiment respectively; 
and 

[0031] Figs. 10A and 10B are graphs showing aberrations 

of the second optical system of the scanning optical system of 
the second embodiment. 

Detailed Description of the Embodiments 

[0032] Referring now to the drawings, a description will 

be given in detail of preferred embodiments in accordance with 
the present invention. 



11 



[0033] FIRST EMBODIMENT 

[0034] Fig. 1 is an optical block diagram showing the 

composition of a scanning optical system 1 in accordance with 
a first embodiment of the present invention. Fig. 1 is a top 
view of the scanning optical system 1 viewed along line parallel 
with a central axis 20a of a polygonal mirror 20. Fig. 2 is a 
schematic optical block diagram showing the composition of a 
light source unit 10 and a first optical system 15 of the scanning 
optical system 1. Fig. 2 is a side view of the scanning optical 
system 1 viewed along a line perpendicular to the central axis 
20a of the polygonal mirror 20. 

[0035] For the simplicity of the following explanation, 

the "main scanning direction" is defined as a direction in which 
a beam spot is scanned on a scan target surface S, and the 
"auxiliary scanning direction" is defined as a direction 
perpendicular to the main scanning direction on the scan target 
surface. In the following description, the shape of optical 
elements, directions of powers of the optical elements and the 
like are described with reference to the main and auxiliary 
scanning directions on the scan target surface. That is, if an 
optical element is described to have a refractive power in the 
main scanning direction, the power affects the beam in the main 
scanning direction on the scan target surface. 
[0036] Further, a plane that contains an optical axis of 
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a second optical system 25 and that is perpendicular to the central 
axis 20a of the polygon mirror 20 will be called "main scanning 
plane" , and a plane that contains the optical axis of the second 
optical system 25 and that is parallel to the central axis 20a 
of the polygon mirror 20 will be called "auxiliary scanning plane" . 
A light source side and a scan target surface side are defined 
as a front side and a rear side, respectively. That is , the light 
source unit 10 is located at the front end of an optical path, 
and the scan target surface S is located at the rear end of the 
optical path. 

[ 0037 ] As shown in Figs . 1 and 2 , the scanning optical system 

1 includes the light source unit 10 for emitting a plurality 
of collimated beams, the first optical system 15 for converging 
each of the collimated beams emitted by the light source unit 
10 only in the auxiliary scanning direction and thereby forming 
a plurality of line images, a holder 19 for holding the first 
optical system 15 , the polygon mirror 20 in the shape of a regular 
polygonal prism (as a deflecting system rotating about its 
central axis) having side faces formed as reflecting surfaces 
for reflecting the laser beams, and the second optical system 
25 for converging each of the laser beams (that have been reflected 
and dynamically deflected by a reflecting surface of the 
revolving polygon mirror 20 ) into a beam spot on the outer surface 
of a photosensitive drum (scan target surface S). 
[0038] As shown in Fig, 2, the light source unit 10 includes 
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a semiconductor laser array 10a as a light source for emitting 
a plurality of diverging laser beams from a plurality of light 
emitting points arranged in the auxiliary scanning direction, 
and a collimator lens 10b for collimating the diverging laser 
beams emitted by the semiconductor laser array 10a into 
collimated beams. The first optical system 15 includes, from 
the light source side of the first optical system 15, a first 
cylindrical lens 11 having negative refractive power in the 
auxiliary scanning direction, and a second cylindrical lens 12 
having positive refractive power in the auxiliary scanning 
direction. The first cylindrical lens 11 and the second 
cylindrical lens 12 correspond to a "fixed lens group" and a 
"movable lens group", respectively. 

[0039] The first cylindrical lens 11 and the second 

cylindrical lens 12 constitute a line image formation optical 
system, which converges the laser beams emerged from the 
collimator lens 10b as collimated beams only in the auxiliary 
scanning direction and thereby forms a plurality of line images 
on its focal plane. The second cylindrical lens 12 is held by 
the holder 19 (which is attached to an unshown frame) so as to 
be movable along an optical axis of the collimator lens 10b. 
The details of the holder 19 will be described later. 
[0040] The polygon mirror 20 is placed so that each laser 

beam emerging from the second cylindrical lens 12 of the first 
optical system 15 will be incident on one of its reflecting 
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surfaces always obliquely in regard to the main scanning plane 
and each line image formed by the second cylindrical lens 12 
will be positioned in the vicinity of the reflecting surface. 
In other words, a "conjugate relationship" (regarding the 
collimator lens 10b and the first optical system 15) holds in 
the auxiliary scanning direction between each light emitting 
point of the semiconductor laser array 10a and the vicinity of 
the reflecting surface of the polygon mirror 20. 
[0041] Since the polygon mirror 20 rotates about its central 

axis 20a, the incident angle of each laser beam with respect 
to the reflecting surface (measured in the main scanning 
direction) changes, by which each laser beam is dynamically 
deflected in the main scanning direction. 

[ 0042 ] Each laser beam dynamically deflected by the polygon 

mirror 20 travels into the second optical system 25 maintaining 
its parallelism regarding the main scanning direction while 
diverging from the convergence point regarding the auxiliary 
scanning direction, and enters the second optical system 25 as 
an imaging optical system having a scanning speed correction 
function. Regarding the main scanning direction, the second 
optical system 25 focuses each incident laser beam at a position 
on the scan target surface S that isy = k-0 apart from the optical 
axis (k: scanning coefficient, 0: tilt angle of the laser beam 
relative to the optical axis ) . Regarding the auxiliary scanning 
direction, the second optical system 25 focuses the incident 
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laser beam on the scan target surface S at an opposite side of 
the incident beam with respect to the optical axis. Therefore, 
a plurality of beam spots are formed on the scan target surface 
S, and the beam spots on the scan target surface S are scanned 
in the main scanning direction at a constant speed. 
[0043] Since the second optical system 25 sets the scan 

target surface S almost conjugate (in regard to the auxiliary 
scanning direction) with the vicinity of the reflecting surface 
of the polygon mirror 20, each laser beam which formed a line 
image in the vicinity of the reflecting surface is focused again 
at a position having a certain height on the scan target surface 
S regardless of the presence/absence of a so-called "facet error" 
(i.e. , a slight tilting of each reflecting surface) . Consequently, 
a plurality of scan lines are drawn with the same pitch ( interval ) 
on the scan target surface S regardless of which reflecting 
surface of the polygon mirror 20 reflects the laser beams. 
[0044] Fig. 3 is an optical block diagram showing a state 

of the scanning optical system in which the second cylindrical 
lens 12 has been moved rearward along the optical axis of the 
collimator lens 10b to a "second position" from an initial 
position ( "first position" ) shown in Fig. 1. The pitch (periodic 
interval) of the line images formed in the vicinity of the 
reflecting surface of the polygon mirror 20 by the laser beams 
emitted from the light emitting points of the light source unit 
10 equals the pitch (periodic interval) of the light emitting 
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points of the semiconductor laser array 10a multiplied by the 
magnification of the collimator lens 10b and the first optical 
system 15 in the auxiliary scanning direction. 
[0045] Therefore, the pitch of the line images can be 

adjusted properly by changing the focal length of the first 
optical system 15 regarding the auxiliary scanning direction 
by moving the second cylindrical lens 12 in the optical axis 
direction as shown in Fig. 3. However, if the focal length of 
the first optical system 15 is changed by steplessly moving the 
second cylindrical lens 12 only, a shift of line image formation 
positions (positions of the line images formed in the vicinity 
of the reflecting surface) occurs with the movement of the second 
cylindrical lens 12. 

[0046] This phenomenon will be explained in detail below. 

Fig. 4A is an explanatory drawing of the scanning optical system 
of the first embodiment in the auxiliary scanning plane. In 
Fig. 4A, optical elements after the polygon mirror 20 are omitted 
and only one light emitting point is shown for the sake of 
simplicity. 

[0047] In Fig. 4A, a virtual image of a light emitting point 

of the semiconductor laser array 10a (determined by the 
magnification of the collimator lens 10b and the first 
cylindrical lens 11 ) is formed at a virtual image formation point 
15a (i.e., an image point of the first cylindrical lens 11 or 
an object point of the second cylindrical lens 12) which is 
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determined by the position and focal length of the first 
cylindrical lens 11. Meanwhile, the line image formation 
position 20p (i.e., an image point of the second cylindrical 
lens 12) is determined by the position (relative to the object 
point 15a) and focal length of the second cylindrical lens 12. 
[0048] At this point, if the pitch of the line images is 

adjusted by changing the transverse magnification by moving the 
second cylindrical lens 12 in the optical axis direction, not 
only the magnification but also the position of its image point 
changes. In other words, even if we attempted to adjust the 
pitch of the line images by changing the focal length of the 
first optical system 15 by moving the second cylindrical lens 
12 in the optical axis direction with a simple moving mechanism, 
the line image formation position 20p shifts from the position 
in the vicinity of the reflecting surface of the polygon mirror 
20 and the focal point shifts from the scan target surface S. 
[ 0049 ] In order to resolve this problem , in this embodiment , 

the second cylindrical lens 12 is selectively moved between first 
and second positions by the holder 19 (as the moving mechanism) 
so that Mpi (transverse magnification of the second cylindrical 
lens 12 in the auxiliary scanning direction with respect to the 
object point 15a in a first state where the second cylindrical 
lens 12 is placed at the first position) and Mp 2 (transverse 
magnification of the second cylindrical lens 12 in the auxiliary 
scanning direction with respect to the object point 15a in a 
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second state where the second cylindrical lens 12 is placed at 
the second position ) will be both negative and finite and satisfy 
the following equation (1). 

Mpi x Mp 2 = 1 ' * ' (1) 
When the equation (1) is satisfied, the transverse 
magnifications Mpi and Mp 2 in the auxiliary scanning direction 
also satisfy: 

Mpi = - (P1/P2) 172 = 1/Mp 2 • • • (2) 
where "PI" is the scan line interval (pitch) on the scan target 
surface S in the first state and "P2" is the scan line interval 
(pitch) on the scan target surface S in the second state. 
[0050] In the following, the equations (1) and (2) will 

be explained referring to Figs. 4A and 4B showing the first and 
second states respectively. 

[0051] As is well known, in the first state shown in Fig. 

4A, the imaging relationship by the first optical system 15 is 
expressed as: 

1/bi = l/a L + 1/f • • • (3) 
where "ai" denotes the distance from the second cylindrical lens 
12 to its object point 15a, and "bi" denotes the distance from 
the second cylindrical lens 12 to its image point 20p. 
Incidentally, ai is negative and bi is positive in the equation 
(3). 

[0052] In this case, the magnification Mpi of the second 

cylindrical lens 12 is expressed as: 
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Mpi = bi/a x • • • (4) 
[0053] Thus, the distance Ui between the object point 15a 

and the image point 2 Op of the second cylindrical lens 12 is 
expressed as : 

Ui = |ai| + ibi| = f(2 - Mpi - 1/Mpi) • • • (5) 
[0054] Similarly, in the second state shown in Fig. 4B, 

the imaging relationship by the first optical system 15 is 
expressed as : 

l/b 2 = l/a 2 + 1/f • • • (6) 
and the distance U 2 between the object point 15a and the image 
point 20p of the second cylindrical lens 12 is expressed as: 

U 2 - f(2 - Mp 2 - 1/Mp 2 ) • • ■ (7) 
where "a 2 " is the distance from the second cylindrical lens 12 
to its object point 15a and "b 2 " is the distance from the second 
cylindrical lens 12 to its image point 20p (a 2 is negative and 
b 2 is positive) . 

[0055] Therefore, when the holder 19 selectively moves the 

second cylindrical lens 12 between the first and second positions 
which satisfy the conditions (1) or (2), U x = U 2 is satisfied 
regardless of actual figures of the transverse magnifications 
MpiandMp 2 (i.e. # regardless of actual figure of the magnification 
of the whole first optical system 15), by which the conjugate 
relationship between the virtual image formation point 15a and 
the vicinity of the reflecting surface of the polygon mirror 
20 is maintained consistently. 
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[0056] Therefore, the line image formation position 20p 

dofes not move even if the magnification of the second cylindrical 
lens 12 with respect to the virtual image of each light emitting 
point formed at the virtual image formation point 15a (i.e. the 
magnification of the whole first optical system 15) is changed 
between two possible values (which satisfy the condition (1)) 
by moving the second cylindrical lens 12 between the first and 
second positions . To sum up , the magnification of the collimator 
lens 10b and the first optical system 15 with respect to each 
light emitting point of the semiconductor laser array 10a can 
be changed between two possible values without causing the shift 
of the line image formation position 20p. 

[0057] Fig. 5 is a perspective view showing an example of 

the composition of the holder 19. The light source unit 10 
(unshown in Fig. 5) is located on the upper left side of the 
holder 19 shown in Fig. 5, and the polygon mirror 20 is located 
on the lower right side of the holder 19. As shown in Fig. 5, 
the holder 19 is composed of a pair of fixed mounts 191 and 192 
which are fixed to the unshown frame, a movable mount 193 placed 
between the fixed mounts 191 and 192, a rotational screw (i.e. , 
a ball screw) 194, a motor 195 for turning the ball screw 194, 
and a guide 196. 

[0058] The fixed mounts 191 and 192 having rectangular 

parallelepiped shapes are fixed to the unshown frame so as to 
face each other at a preset distance. The surfaces of the fixed 
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mounts 191 and 192 facing each other will be called "contact 
surfaces 191a and 192a" , respectively. Between the fixed mounts 
191 and 192, the movable mount 193 having a rectangular 
parallelepiped shape is placed with its contact surfaces 193a 
and 193b facing the contact surfaces 191a and 192a, respectively. 
[0059] The first cylindrical lens 11 is fixed on the fixed 

mount 191 at the front end of the holder 19, and the second 
cylindrical lens 12 is fixed on the movable mount 193 in the 
middle of the holder 19. Incidentally, the first and second 
cylindrical lenses 11 and 12 are both located on the optical 
axis of the collimator lens 10b . The rotation axis of generating 
lines of each cylindrical lens (11, 12) is orthogonal to the 
optical axis of the collimator lens 10b. 

[0060] The ball screw 194 and the guide 196 are placed to 

be in parallel with the optical axis of the collimator lens 10b 
and to penetrate the mounts (fully penetrate the movable mount 
193). Inside a through hole of the movable mount 193 for the 
ball screw 194, an unshown ball nut is set so as to engage with 
the ball screw 194 via unshown balls . Unshown locking mechanisms 
of the fixed mounts 191 and 192 prevents the ball screw 194 from 
moving in the optical axis direction, allowing the ball screw 
194 a rotational movement only. The guide 196 is fixed to the 
fixed mounts 191 and 192 and is inserted into another through 
hole of the movable mount 193 with appropriate clearance. 
Therefore, by turning the ball screw 194, the movable mount 193 
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can be moved between the fixed mounts 191 and 192 along the ball 
screw 194 and the guide 196 (along the optical axis of the 
collimator lens 10b) , by which the second cylindrical lens 12 
can be moved along the optical axis of the collimator lens 10b. 
[0061] The first optical system 15 stays in the first state 

( satisfying the conditions ( 1 ) and ( 2 ) ) when the contact surface 
193a of the movable mount 193 is in contact with the contact 
surface 191a of the fixed mount 191 , and stays in the second 
state (satisfying the conditions (1) and (2)) when the contact 
surface 193b of the movable mount 193 is in contact with the 
contact surface 192a of the fixed mount 192. 

[0062] The motor 19 5 connected to the ball screw 194 is 

mounted on the rear surface of the fixed mount 192 in order to 
turn the ball screw 194 . The motor 19 5 is provided with an unshown 
encoder. An unshown drive circuit supplies drive current to 
the motor 195 according to a pulse signal supplied from the encoder 
and thereby carries out ON-OFF control of the rotation of the 
ball screw 194. For example, when the first optical system 15 
is switched from the first state to the second state, the motor 
195 first turns the ball screw 194 to move the movable mount 
193 rearward . During the movement , the encoder keeps output ting 
the pulse signal to the drive circuit of the motor 195. When 
the contact surface 193b of the movable mount 193 makes contact 
with the contact surface 192a of the fixed mount 192 and the 
pulse signal stops due to heavy load on the motor 195, the drive 
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circuit stops driving the motor 195 andthemotor 195 stops turning 
the ball screw 194. 

[0063] As described above, the holder 19 drives the movable 

mount 193 between preset positions and thereby switches the 
position of the second cylindrical lens 12 on the optical axis 
of the collimator lens 10b. Thus, by building up the holder 
19 so as to stop or hold the second cylindrical lens 12 at the 
two positions satisfying the conditions (1) and (2) in the first 
and second states, the switching of the scan line interval 
(measured in the auxiliary scanning direction) can be realized 
by the ON-OFF control of the motor 195 and the control of the 
direction of rotation of the motor 195. Thus, the holder 19 
as the moving mechanism can be constructed with fairly simple 
design. 

[0064] Incidentally, the moving mechanism for moving the 

second cylindrical lens 12 is not limited to the above 
configuration. Any configuration of the moving mechanism is 
possible as long as it enables the movement of the second 
cylindrical lens 12 between the first and second positions. 
[0065] In order to actually change the printing speed, the 

user turns an unshown "print setting switch" to the other side, 
by which the second cylindrical lens 12 is driven by the motor 
195 frontward or rearward and thereby the first optical system 
15 is switched between the first and second states. An unshown 
control circuit sets the auxiliary scanning magnification 
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(magnification in the auxiliary scanning direction) of the first 
optical system 15 and the rotational speed of the photosensitive 
drum higher in the first state than in the second state. 
Therefore, the pitch (interval) of the scan lines is set longer 
in the first state than in the second state . In the second state , 
the auxiliary scanning magnification of the first optical system 
15 and the rotational speed of the photosensitive drum are set 
lower, and the scan line interval is set shorter. 
[0066] For example, when the user turns the print setting 

switch from "fast" to "fine", the second cylindrical lens 12 
is moved from the first position to the second position by the 
moving mechanism, while the rotational speed of the 
photosensitive drum is set to a second speed which is relatively 
slow, by which the user can obtain a high quality (high definition) 
print image. On the other hand, when the user turns the print 
setting switch from "fine" to "fast", the second cylindrical 
lens 12 is returned from the second position to the first position , 
while the rotational speed of the photosensitive drum is set 
to a first speed which is relatively fast, by which the user 
can obtain a print image faster than in "fine" . The definition 
or resolution of the print image obtained by "fast" is relatively 
lower than that by "fine". 

[ 0067 ] In the following , a concrete example of the scanning 

optical system according to the first embodiment will be 
explained in detail. 
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[0068] EXAMPLE OF FIRST EMBODIMENT 

[0069] Incidentally, there are cases where a surface of 

a lens (21, 22, 23) included in the second optical system 25 
is an aspherical surface having no rotational symmetry axis. 
In such cases, the "optical axis" in its original meaning can 
not be defined for such a lens surface. Therefore, the term 
"optical axis" will hereafter be used in the meaning of an axis 
(optical reference axis) passing through an "origin" that is 
set when the shape of the lens surface is described in a 
mathematical expression . 

[0070] Figs. 1 and 3 are optical block diagrams showing 

the composition of the scanning optical system of this embodiment 
in the main scanning plane, in which Fig. 1 shows the first state 
and Fig. 3 shows the second state. 

[ 0071 ] In this example of the first embodiment , the scanning 

coefficient k is 180, and the focal length of the whole second 
optical system 25 is 180 mm. The auxiliary scanning 
magnification is -0.457x, and the scan width on the scan target 
surface S (the width of laser beam scan measured in the main 
scanning direction) is 216 mm. 

[0072] The focal length of the collimator lens 10b of the 

light source unit 10 is 15 mm. The pitch (interval) of the light 
emitting points of the semiconductor laser array 10a is 14 ^m. 
[ 0073 ] The focal lengths of the first and second cylindrical 
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lenses 11 and 12 are -70.381 mm and 49.621 mm, respectively. 
[0074] The transverse magnification Mpi of the second 

cylindrical lens 12 in the auxiliary scanning direction in the 
first state is -1.41, and the transverse magnification Mp 2 of 
the second cylindrical lens 12 in the auxiliary scanning 
direction in the second state is -0.71. 

[0075] The following Table 1 shows concrete numerical 

configuration of the optical surfaces existing on the optical 
path from the first optical system 15 to the scan target surface 
S in this example. Incidentally, the numerical data shown in 
Table 1 are paraxial data measured in the vicinity of the optical 
axis of collimator lens 10b or the second optical system 25. 
[0076] Table 1 



SURFACE NO. 


Ry 




Rz 


SURFACE 
INTERVAL 




n 


First 


00 




-35.945 


3 .00 


1. 


51072 


Cylindrical Lens 


00 






Dl 






Second 


00 




50.000 


4 .00 


1. 


51072 


Cylindrical Lens 


00 




-50.000 


D2 






Polygonal Mirror 








50.00 






1 


-198. 


000 




8.25 


1. 


48617 


2 


-103. 


850 




2 .00 






3 


-1083. 


220 




10.00 


1. 


48617 


4 


-130. 


000 




115.65 






5 


-1000. 


000 


24.467 


5.00 


1. 


48617 


6 


-1000. 


000 




60.30 







[0077] In Table 1, each number in the column "SURFACE No. " 

indicates the surface number of each lens surface of the second 
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optical system 25, in which No.l and No. 2 denote front and rear 
surfaces of a first lens 21 # No. 3 and No. 4 denote front and rear 
surfaces of a second lens 22, and No . 5 and No. 6 denote front 
and rear surfaces of a third lens 23. 

[0078] The character "Ry" denotes the curvature radius [mm] 

in the main scanning direction, and "Rz" denotes the curvature 
radius [mm] in the auxiliary scanning direction (omitted when 
the surface has rotational symmetry (Rz = Ry)). The "SURFACE 
INTERVAL" denotes the distance [mm] between a surface and a next 
surface measured on the optical axis, and "n" denotes the 
refractive index of a medium between the surface and the next 
surface in regard to a design wavelength 780 nm (omitted for 
air) . The values "Dl" and "D2" shown in the "SURFACE INTERVAL" 
are variables. The change of the variables "Dl" and "D2" is 
shown in Table 4 . 

[0079] The first cylindrical lens 11 shown in Table 1 has 

a cylindrical front surface (concave) and a plane rear surface. 
The second cylindrical lens 12 has a cylindrical front surface 
(convex) and a cylindrical rear surface (convex). 
[ 0080 ] The lens surfaces No . 1 and No . 2 of the second optical 

system 25 are both rotationally symmetrical aspherical surfaces . 
Therefore, the sectional shape of each lens surface is expressed 
by the following equation (8) as a SAG amount X(h) which is a 
distance between a point (having a height h from the optical 
axis) on the lens surface and a tangential plane contacting the 
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t •» 

lens surface on the optical axis. 

X(h) = l/Ryh 2 /{l+[l-(K+l) 2 h 2 /Ry 2 ] 1/2 > 
+A 4 h 4 +A 6 h 6 +A 8 h 8 • • • • ■ • (8) 

[0081] In the equation (8), "Ry" denotes the curvature 

radius Ry which has been shown in Table 1, "k" denotes a conical 
coefficient, "A 4 B f "A 6 " and "A 8 " denote aspherical coefficients 
of fourth, sixth and eighth orders, respectively. The 
coefficients of the equation ( 8 ) specifying the particular shapes 
of the lens surfaces No . 1 and No . 2 of this example will be shown 
in the following Table 2 . 



[0082] Table 2 

No. 1 No. 2 

K 0.0 0.0 

A 4 -8.66207E-08 -2.64892E-08 

A 6 2 .51495E-10 1.29004E-10 

A 8 -1.49724E-14 3.21371E-14 

[0083] The lens surface No. 5 of the third lens 23 of the 



second optical system 25 is an anamorphic aspherical surface 
whose cross section in the main scanning direction is defined 
by a function of a height from the optical axis in the main scanning 
direction and whose curvature of a cross section in the auxiliary 
scanning direction is defined by a function of a height from 
the optical axis in the main scanning direction. 
[0084] Therefore, the shape of the lens surface in the main 

scanning plane is expressed by the following equation (9) as 
a SAG amount X(y) which is a distance between a point (having 
a height y from the optical axis in the main scanning direction) 
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on the lens surface and a tangential plane contacting the lens 
surface on the optical axis, and the shape of the lens surface 
in the auxiliary scanning direction at each height y is an arc 
having an arc curvature l/[Rz(y)] expressed by the following 
equation ( 10 ) . 

X(y) = l/Ryy 2 /{l+[l-(K+l) 2 y 2 /Ry 2 ] 1/2 } 

+AMiy+AM 2 y 2 +AM3y 3 +AM4y 4 +AM 5 y 5 +AM6y 6 +AM 7 y 7 +AM8y 8 • ■ * 

. . . (9) 

l/[Rz(y)] = 1/Rz 

+ASiy+AS 2 y 2 +AS3y 3 +AS4y 4 +AS5y 5 +AS 6 y 6 +AS 7 y 7 +AS 8 y 8 • • • 

• • - (10) 

[0085] In the equations (9) and (10), "Ry" denotes the 

curvature radius Ry in the main scanning direction which has 
been shown in Table 1, "Rz" denotes the curvature radius Rz in 
the auxiliary scanning direction which has been shown in Table 
1, "K" denotes the conical coefficient, "AMi" , "AM 2 ", "AM 3 M # n AM 4 ", 
"AM5" , "AM 6 n , " AM 7 " , "AM 8 " • • • denote aspherical coefficients 
of each order in regard to the main scanning direction, and "ASi" , 
"AS 2 M , "AS3" , "AS4" , "AS 5 n , "AS 6 " , "AS7" , "ASe" - denote aspherical 
coefficients of each order in regard to the auxiliary scanning 
direction. The coefficients of the equations (9) and (10) 
specifying the particular shape of the lens surface No. 5 of this 
example will be shown in the following Table 3. 
[0086] Table 3 

AMi= 0.00000E-00 ASi= 0.00000E-00 

AM 2 = 0.00000E-00 AS 2 = -8.84504E-07 
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AM 3 = 


0 


.OOOOOE 


-00 


AS 3 = 


0 


. OOOOOE- 


00 


AM 4 = 


4 


.28542E 


-08 


AS 4 = 


2 


. 20583E- 


11 


AM 5 = 


0 


.OOOOOE 


-00 


AS 5 = 


0 


. OOOOOE- 


00 


AM 6 = 


-9 


.52269E 


-13 


AS 6 = 


0 


. OOOOOE- 


00 


AM 7 = 


0 


•OOOOOE 


-00 


AS 7 = 


0 


. OOOOOE- 


00 


AM 8 = 


0 


-OOOOOE 


-00 


AS 8 = 


0 


. OOOOOE- 


00 



[0087] In the scanning optical system 1 of the example of 

the first embodiment with the above concrete numerical 
configuration, the change of state between the first and second 
states causes changes in the focal length of the whole first 
optical system 15, the auxiliary scanning magnification of the 
whole scanning optical system 1, and the beam interval (scan 
line interval), as shown in the following Table 4. 



[0088] Table 4 





Dl 


D2 


FOCUS LENGTH 
(FIRST 
OPTICAL 
SYSEM) 


MAGNIFICATION 
(WHOLE 
SCANNING 
OPTICAL 
SYSTEM) 


BEAM 
INTERVAL 


FIRST 
STATE 


11. 10 


118.40 


99.25 


3 . 02x 


42 . 3[Xm 


SECOND 
STATE 


46.20 


83.30 


49.69 


1.51X 


21 . 2 (am 



[0089] In Table 4, "Dl" and "D2" are the "SURFACE INTERVAL" 

Dl and D2 shown in Table 1. The "BEAM INTERVAL" denotes the 
interval between the scan lines scanned on the scan target surface 

[0090] Figs. 6A and 6B are graphs showing aberrations of 

the second optical system 25 of the scanning optical system 1 
of the first embodiment. Fig. 6A shows f6 error, in which the 



vertical axis denotes the height y from the optical axis on the 
scan target surface S (which is determined by y = k0) , and the 
horizontal axis denotes deviation of actual spot position on 
the scan target surface S from y in the main scanning direction. 
Fig. 6B shows curvature of field, in which the vertical axis 
denotes the height y from the optical axis on the scan target 
surface S # and the horizontal axis denotes the shift of focus 
position in the optical axis direction ("S" (solid line) shows 
the data in the auxiliary scanning direction and "M n (dotted 
line) shows the data in the main scanning direction). 
[0091] As described above, by the scanning optical system 

in accordance with the first embodiment of the present invention , 
the switching of the scan line interval in the auxiliary scanning 
direction in the multibeam optical system can be executed 
correctly (avoiding optical errors) and with extreme ease, 
without the need of using a movement control mechanism composed 
of high precision parts. 

[0092] SECOND EMBODIMENT 

[0093] Figs. 7 and 8 are optical block diagrams showing 

the composition ( in the main scanning plane ) of a scanning optical 
system 2 in accordance with a second embodiment of the present 
invention, in which Fig. 7 shows the first state and Fig. 8 shows 
the second state . The definitions of the first and second states 
in the second embodiment are the same as those in the first 
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embodiment. In Figs. 7 and 8, elements equivalent to those of 
the first embodiment are shown with the same reference numerals . 
[0094] In the second embodiment, cylindrical lenses 

forming A first optical system 215 include: a first cylindrical 
lens 16 having positive refractive power in the auxiliary 
scanning direction; a second cylindrical lens 17 having negative 
refractive power in the auxiliary scanning direction ; and a third 
cylindrical lens 18 having positive refractive power in the 
auxiliary scanning direction. The first cylindrical lens 16, 
the second cylindrical lens 17 and the third cylindrical lens 
18 correspond to a "first fixed lens group", a "movable lens 
group" and a "second fixed lens group", respectively. 
[0095] The first cylindrical lens 16, the second 

cylindrical lens 17 and the third cylindrical lens 18 are fixed 
on the fixed mount 191 , the movable mount 193 and the fixed mount 
192 of the holder 19, respectively. Incidentally, the first 
through third cylindrical lenses 16-18 are all located on the 
optical axis of the collimator lens 10b. The rotation axis of 
generating lines of each cylindrical lens (16, 17, 18) is 
perpendicular to the optical axis of the collimator lens 10b. 
[0096] Also in the second embodiment, the magnification 

of the whole first optical system 215 is changed by moving the 
second cylindrical lens 17. Thus, in the second embodiment, 
Mp! and Mp 2 in the conditional expressions ( 1 ) and ( 2 ) are defined 
as transverse magnifications of the second cylindrical lens 17 
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with respect to an image point 15a of the first cylindrical lens 
16 which will be explained later. Also in the second embodiment , 
the second state is defined as the state where the contact surface 
193a of the movable mount 193 is in contact with the contact 
surface 191a of the fixed mount 191 , and the first state is defined 
as the state where the contact surface 193b of the movable mount 
193 is in contact with the contact surface 192a of the fixed 
mount 192. 

[0097] Figs. 9A and 9B are explanatory drawings showing 

the states where the second cylindrical lens 17 in the second 
embodiment satisfies the conditions (1) and (2), in which Fig. 
9A shows the first state and Fig. 9B shows the second state. 
In Figs. 9A and 9B, the reference numeral "15b" indicates the 
image point of the second cylindrical lens 17 and also the object 
point of the third cylindrical lens 18. Meanwhile, "15a" 
indicates the image point of the first cylindrical lens 16 and 
also the object point of the second cylindrical lens 17. The 
line image formation position 20p is the image point of the third 
cylindrical lens 18 with respect to the object point 15b of the 
third cylindrical lens 18. 

[0098] When the second cylindrical lens 17 is moved so as 

to fulfill the conditions (1) and (2), since the sum of a x (the 
distance from the image point 15a of the first cylindrical lens 
16 to the second cylindrical lens 17) and b x (the distance from 
the second cylindrical lens 17 to the object point 15b of the 
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third cylindrical lens 18) in the first state is equal to the 
sum of a 2 and b 2 in the second state as mentioned before, the 
position of the point 15b (object point of the third cylindrical 
lens 18) does not change. Therefore, the line image formation 
position 20p does not move even if the magnification of the first 
optical system 215 is changed between two values by moving the 
second cylindrical lens 17. 

[ 0099 ] Thus , by letting the holder 19 hold the first through 

third cylindrical lens 16 - 18 so that the second cylindrical 
lens 17 will move between the two positions satisfying the 
conditions (1) and (2) , the switching of the scan line interval 
(pitch) can be realized by the ON-OFF control of the motor 195 
only, similarly to the first embodiment. Therefore, also in 
the second embodiment employing three lenses for the first 
optical system 215, the scan line interval in the auxiliary 
scanning direction can be switched between two values using the 
holder 19 (moving mechanism) having the same fairly simple 
composition as that of the first embodiment. 
[0100] In the following, a concrete example of the scanning 

optical system according to the second embodiment will be 
explained in detail. 

[0101] EXAMPLE OF SECOND EMBODIMENT 

[0102] In this example of the second embodiment, the 

scanning coefficient k is 200, and the focal length of the whole 
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second optical system 225 is 200 mm, the auxiliary scanning 
magnification is -1.056x, and the scan width on the scan target 
surface S (the width of laser beam scan measured in the main 
scanning direction) is 300 mm. 

[0103] The focal length of the collimator lens 10b of the 

light source unit 10 is 20 mm. The pitch (interval) of the light 
emitting points of the semiconductor laser array 10a is 14 [im. 
[0104] The focal lengths of the first through third 

cylindrical lenses 16 - 18 are 50.008 mm, -17.139 mm and 35.242 
mm, respectively. 

[0105] The transverse magnification Mpi of the second 

cylindrical lens 17 in the auxiliary scanning direction in the 
first state is -1.22, and the transverse magnification Mp 2 of 
the second cylindrical lens 17 in the auxiliary scanning 
direction in the second state is -0.82. The following Table 
5 shows concrete numerical configuration of the optical surfaces 
existing on the optical path from the first optical system 215 
to the scan target surface S in this example. 



[0106] Table 5 



SURFACE No. 


Ry 


Rz 


SURFACE 
INTERVAL 




n 


First 


00 


25-540 


5.00 


1. 


51072 


Cylindrical Lens 


00 




Dl 






Second 


00 


-18.000 


3.00 


1. 


51072 


Cylindrical Lens 


00 


18.000 


D2 






Third 


00 




4.00 


1. 


51072 


Cylindrical Lens 


00 


-18.000 


84.40 






Polygonal Mirror 






45.00 
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1 -219.385 16.00 1.48617 

2 -66.973 82.04 

3 -400.000 35.627 7.00 1.48617 

4 -550.000 114.95 



[0107] In Table 5, the meaning of each column is the same 

as that in the aforementioned Table 1 . Each number in the column 
"SURFACE No." indicates the surface number of each lens surface 
of the second optical system 225, in which No . 1 and No. 2 denote 
front and rear surfaces of a first lens 26, and No. 3 and No. 4 
denote front and rear surfaces of a second lens 27. 
[0108] The first cylindrical lens 16 shown in Table 5 has 

a cylindrical front surface (convex) and a plane rear surface. 
[0109] The second cylindrical lens 17 has a cylindrical 

front surface (concave) and a cylindrical rear surf ace (concave) . 
[0110] The third cylindrical lens 18 has a plane front 

surface and a cylindrical rear surface (convex). 
[0111] The lens surfaces No. 1 and No. 2 of the second optical 

system 225 are both rotationally symmetrical aspherical surfaces . 
The coefficients of the equation (8) specifying the particular 
shapes of the lens surfaces No.l and No. 2 of this example will 
be shown in the following Table 6 . 



[0112] Table 6 

No. 1 No. 2 

K 0.0 0.0 

A 4 2. 39733E-07 3.89994E-07 

A 6 6. 95131E-11 8.26608E-11 

A 8 -1. 34188E-14 2.39426E-14 
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[0113] The lens surface No. 3 of the second lens 27 of the 

second optical system 225 is an anamorphic aspherical surface. 
The coefficients of the equations (9) and (10) specifying the 
particular shape of the lens surface No. 3 of this example will 



be shown in the following Table 7 . 
[0114] Table 7 



AMi= 
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00000E- 


00 
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06154E-06 


AM 2 = 
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0000OE- 


00 
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83204E-07 


AM 3 = 


0. 


0O0OOE- 


00 


AS 3 = 


0. 


00000E-00 


AM 4 = 


1. 


38383E- 


07 


AS 4 = 


1. 


17505E-11 


AM 5 = 


0. 


00000E- 


00 


AS 5 = 


0. 


0000OE-OO 


AM 6 = 


-6. 


49895E- 


12 


AS 6 = 


0. 


OOOOOE-00 


AM 7 = 


0. 


00000E- 


00 


AS 7 = 


0. 


00000E-00 


AM 8 = 


1. 


28497E- 


16 


AS 8 = 


0. 


OOOOOE-00 



[0115] In the scanning optical system 2 of the example of 

the second embodiment having the above concrete numerical 
configuration, the change of state between the first and second 
states causes changes in the focal length of the whole first 
optical system 215, the auxiliary scanning magnification of the 
whole scanning optical system 2, and the beam interval (scan 
line interval), as shown in the following Table 8. 



[0116] Table 8 





Dl 


D2 


FOCUS LENGTH 
(FIRST 
OPTICAL 
SYSEM) 


MAGNIFICATION 
(WHOLE 
SCANNING 
OPTICAL 
SYSTEM) 


BEAM 
INTERVAL 


FIRST 
STATE 


14.55 


18.85 


85.10 


4.54X 


63 . 5nm 


SECOND 
STATE 


7. 70 


25.70 


57.22 


3 . 02x 


42 . 3|om 
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[0117] In Table 8, the meaning of each column is the same 

as that in the aforementioned Table 4. Figs. 10A and 10B are 
graphs showing aberrations of the second optical system 225 of 
the scanning optical system 1 of the example, in which Fig. 10A 
shows f9 error and Fig. 10B shows image surface curvature. 
[0118] While the present invention has been described with 

reference to the particular illustrative embodiments, it is not 
to be restricted by those embodiments but only by the appended 
claims. For example, while the deflecting system was 
implemented by a polygon mirror in the above embodiments , other 
types of deflecting system such as a galvanometer mirror can 
also be used. The scanning optical system of the present 
invention can be applied to a variety of printing devices such 
as electrophotographic laser beam printers , digital 
photocopiers , laser fax machines and laser plotters . It should 
be understood that those skilled in the art can change or modify 
the embodiments without departing from the scope and spirit of 
the present invention. 

[0119 ] The present disclosure relates to the subject matter 

contained in Japanese Patent Application No. P2002-376162 , filed 
on December 26, 2002, which is expressly incorporated herein 
by reference in its entirety. 
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